Abstract Product lifecycle management (PLM) is increasingly important for organizations acting in dynamic and competitive markets since PLM can improve decision-making and reduce costs by taking advantage of the efficiencies and effectiveness coming from improved market intelligence and collaboration of partners. In the last years, academics as well as practitioners and consultants have developed a wide range of maturity models for the purpose of measuring and describing certain aspects of PLM "maturity". The PLM maturity models permit to assess the relative position of companies on their road to complete PLM implementation. However, it is a tough job for the company to select the most appropriate PLM maturity model, as each maturity model has different attributes. Since, to our knowledge, no benchmarking for PLM maturity models exists to date, the rising number of maturity models implicates problems with respect to retrievability and reusability. With the aim to enhance the time consuming and exhausting search and selection process of appropriate assessment models, a benchmarking framework for PLM maturity models is presented in this paper.
Introduction
In current industrial production, new, better and increasingly complex products must be introduced to markets more quickly, with more profit and less labour, and the lifecycle of each product must be better controlled from financial and environmental perspectives [1] . The company is unable to react quickly enough to changes that have taken place in the market, in technology, in the supply network or in customer demands. Furthermore, mistakes or shortcomings that have been perceived in the products or product designs reach the market because the company cannot react to them quickly enough. The slowness of the process means that the company is unable to bring its products to market in rhythm with customers' wishes, market changes and set timetables, or to collect the greatest possible margin on its products.
In this situation, product lifecycle management (PLM) is an essential tool for coping with the challenges of more demanding global competition and ever-shortening product and component lifecycles [1] . In addition, PLM is the business activity of managing, in the most effective way, company's products all the way across their lifecycles, from its product design to its disposal.
PLM adoption includes very extensive changes in intraand inter-organizational practices and requires new types of skills and capabilities, and more than that, even large cultural and strategic changes [2] . How and at what level each company carries out its own Product Lifecycle Management implementation always depends upon the viewpoint. Experience shows that the time and resources needed for the deployment of the system in a company can vary from several months to several years. Naturally, the time varies depending on the size of the company, the approach taken to the project and the chosen system (for example a standard software package vs. tailoring).
A good tool for understanding and describing the current AS-IS situation can be for example a PLM maturity model. One of the best practical applications of the maturity models can be to determine the maturity or readiness of a large international corporation for a corporate-wide PLM development program. PLM maturity models, often at least partly based on the thinking of capability maturity modelling (CMM) originally used in software process facilitation, can be used to make the implementation of better-approachable PLM and a more carefully planned and coordinated process. This is done, for example, by evaluating the current status of PLM progress, by benchmarking the progress of PLM implementation between companies, by helping companies to establish their own PLM strategies and goals, as well as by helping them to choose the next steps on improving their PLM infrastructure and practices [2] [3] [4] [5] .
Different ways to approach the PLM maturity assessment have been developed with various purposes. To illustrate these available maturity model approaches, we have realized a "benchmarking framework" with the aim to map the main elements of PLM models and compare the features and qualities of current PLM maturity frameworks.
Maturity models
In an organization, the PLM implementation is a very extensive change process which cannot be carried out in a single step, but should be divided and managed in a series of smaller stages. It requires various changes not only at the IT systems level but often also at the strategic level, and at the process level and, further, at the level of reward and incentive systems and individual persons' skills and capabilities [6] .
Key challenge in any implementation process can be seen via organizational readiness, say maturity, to change the way it operates [6] .
Maturity thus implies an evolutionary progress in the demonstration of a specific ability or in the accomplishment of a target from an initial to a desired or normally occurring end stage [7] . In general, the idea of maturity is presented by sketching a number of growth stages that depict the potential-upward development or performance of organizations during several sequential periods of time [8] . Some major indicators of the organization's improved maturity are related to predictability, control and effectiveness [9] . First, as maturity increases, the differences between targeted and actual results decrease across projects, which indicates an improved predictability [9] . Second, the variability of actual results around targeted results decreases along the maturity increase, indicating increased control [9] . Third, in overall, the targeted results improve as the maturity of the organization increases, indicating improved effectiveness [9] . Thus, the overall maturity indicators and individual maturity dimensions of PLM should reflect the above three indicators in the context of PLM maturity [9] .
According to Mettler, all maturity models share the common property of defining a number of dimensions at several stages of maturity, with a description of characteristic performance at various levels of granularity [10] . Basic components of maturity models are the following: (1) a number of levels (typically three to six), (2) a descriptor for each level, (3) a generic description or summary of the features of each level as a whole, (4) a number of dimensions, (5) a number of elements or activities for each dimension, and (6) a description of each element or activity as it might be performed at each level of maturity [7] .
The research of Wendler [11] shows a wide set of application domains when talking about maturity models. The application field is heavily dominated by the software development [12-16 and software improvement process [17] [18] [19] [20] [21] [22] [23] [24] 
Maturity models history
Within the field of information systems, the Nolan model is often quoted as the origin of the maturity perspective [74] . After a research into the use of IST in large US organizations, Richard Nolan proposed an evolutionary model initially containing four stages of maturity (Nolan 1973) . He later added one and then two more stages to the initial model [75] [76] [77] . Simultaneously, Crosby in 1979 proposed his so-called quality management process maturity grid, which categorized best practices along five maturity stages and six measurement categories [78] . As for information systems planning, Earl's model of learning curves with respect to IT can be considered as one the first examples IT-specific extensions to Nolan's model [79] ). Since then, both the original Nolan and Earl models have been revised, extended, specified and modified, in line with progress made in the field of information systems and software engineering [8, 74, 80] .
The revised "stages of growth" model by Galliers and Sutherland [80] is meant to overcome some of the limitations by introducing a means of bringing together a range of key elements associated with the operation and management of an organization generally [7, 80] . The revised model of Galliers and Sutherland [80] can be represented as six stages, each with its particular set of conditions associated with the seven "S" elements. The seven elements are strategy, structure, systems, staff, style, skills and superordinate goals. The six stages of the revised model are ad hocracy, foundations, centralized dictatorship, democratic dialectic and cooperation, entrepreneurial opportunity and integrated harmonious relationships [7] .
